INTRODUCTION
Survival of very preterm infants born <31 weeks has increased dramatically over the past few decades from less than 20% prior to the 1960s to over 80% in the 1990s. 1 With increased survival, the question of intact survival has become increasingly relevant. Very preterm survivors face a multitude of potential problems including mental retardation, cerebral palsy (CP), visual impairment, hearing deficiencies, chronic lung disease, and behavior and learning problems. [1] [2] [3] [4] [5] Although many survivors are normal, others are severely disabled and the factors that influence disability are not clearly known.
In Nova Scotia, between 1992 and 1996 there were approximately 10,500 births per year in a population of around 900,000. About 1% of these births were very preterm infants, defined as infants born before 31 weeks completed gestation. These infants constitute approximately 10% of all admissions to newborn intensive care units. This study was conducted to determine the rates of major disability in very preterm survivors born to residents of Nova Scotia, Canada, between 1992 and 1996 inclusive and to identify risk factors associated with major disability in these infants.
METHODS
A population-based cohort study was conducted that included all live-born infants among Nova Scotia residents born between 1992 and 1996, and who were between 22 and 30 weeks' gestation. The data were obtained from the computerized database of the Perinatal Follow-Up Program of Nova Scotia. The Program enrolls all live-born infants less than 31 weeks gestation born to mothers residing in Nova Scotia. Since 1996, infants were followed at regular intervals until 3 years corrected age (the date at which the child would turn 3 years of age, if they had been born at 40 weeks gestation). Prior to 1996, infants were followed to 24 months corrected age. Gestational age was determined from the first day of the last menstrual period (LMP), when certain and supported by an early ultrasound if performed. When LMP dates were uncertain or when there was a discrepancy of more than 2 weeks between gestational age based on LMP dates and the ultrasound estimate of gestational age, the clinical evaluation of the newborn was used to determine the gestational age. Demographic data, maternal obstetric history, prenatal information, labor and delivery events, and neonatal diseases and procedures were collected from medical records by trained health records personnel.
Follow-up data were collected following assessments conducted by members of the Follow-Up Program, comprised of a neonatologist, a psychologist, a nurse, and other healthcare professionals when appropriate. Assessments, conducted at the IWK Grace Health Center or during regular visits to outlying clinics, were scheduled at 4, 8, 12, 18, 24 months and, since 1996, also at 36 months corrected age. In some cases, children would not be seen at their scheduled times because of travel times, rebooking appointments, etc. In these cases, children were seen as soon as possible after the missed scheduled time. The actual corrected age at the time of the visit was recorded. At each follow-up, assessments included measurement of the child's weight, length, head circumference, record of hospitalizations, appointments, medications and problems since the previous visit, and a detailed physical and neurodevelopmental examination by a neonatologist. As well, a cognitive score using the Bayley Scale of Infant Development was conducted by a psychologist at 12 and 24 months corrected age (between 1992 and 1995) and at 18 and 36 months in 1996. Hearing assessments, performed by the Nova Scotia Hearing and Speech Program, and vision assessments, performed by an ophthalmologist, were conducted within 1 year of birth.
The primary outcome in this study was whether or not an infant developed a major disability. Major disability was defined as possessing at least one of the following: mental development index (MDI) on the Bayley Scale of Infant Development <70, moderate or severe CP, bilateral visual acuity <20/200, or deafness requiring bilateral hearing aids. The latest cognitive score was used in the assessment of major disability. Moderate CP was defined as lower limb dysfunction such that the child walks (or is considered likely to walk) with significant difficulty (e.g., with the aid of a walker) and/or major upper limb dysfunction. Severe CP was defined as nonambulatory (or considered likely to never walk).
Infants who died within a year of life were excluded from the analyses identifying risk factors for the development of a major disability. Initially, all factors potentially associated with major disability were analyzed univariately using w 2 or Fisher's exact test for categorical data and t-tests for continuous variables. In total, 62 factors were analyzed and included factors related to past obstetrical history, prenatal events, and conditions related to the newborn period. Factors significant at the 0.1 level on univariate analysis were entered into a logistic regression model procedure using SAS statistical software. Logistic regression analyses were carried out to determine which factors were independently associated with major disability, after controlling for the other factors in the model. In order to determine whether a factor was statistically significant, the difference in the deviance (the negative of twice the value of the logarithm of the maximum likelihood estimate) between a model with the factor and a model without the factor was calculated. If the difference was statistically significant at the 0.05 level, as tested by a w 2 test, then the factor remained in the model. Odds ratios and 95% confidence intervals were calculated from the logistic regression analysis.
RESULTS
All 355 infants born between 22 and 30 weeks' gestation to residents of Nova Scotia in 1992 to 1996 were identified and followed. Of them, 14 infants with a lethal anomaly were excluded from the analyses. There were 341 live-born infants, of which 262 survived to 1 year of age, but nine of these surviving infants did not have follow-up data. Table 1 shows the survival and disability rates overall and by gestational age group. Among survivors, 21 children (8.3%) developed a major disability. The rates of major disability were fairly constant over the 5-year period, however, in 1996 the rate fell to 4.3%.
There were 253 infants in the analyses of risk factors for major disability, after excluding death before 1 year of age and loss to follow-up. For about 10% of the 253 infants, the last visit recorded in the database at the time of the analysis was between 12 and 17 months gestation. For about 45% of the children, the last visit recorded was at age 24 corrected months or older. Of the surviving infants, 57 were part of a multiple birth and four of these infants (all second-born twins) developed a major disability. Among infants r 27 weeks' gestation, the major disability rate was 14.4% (13/90), while in those 28 to 30 weeks' gestation, the rate was 4.9% (8/163). The rate of survival without major disability was 47.5% among infants born between 22 and 27 weeks' gestation, and 91.2% among infants born between 28 and 30 weeks' gestation.
CP and mental developmental delay were the most common disabilities observed. A total of 15 (5.9%) infants developed moderate or severe CP. Six survivors developed moderate CP and nine developed severe CP. A total of 13 survivors (5.1%) had MDI scores in the severely delayed range (under 70). One infant was Perrott et al.
Major Disability in Very Preterm Survivors blind and one infant was deaf. Eight children had more than one disability, with one child having three separate disabilities. Table 2 shows the 22 factors that were found to be significantly associated with severe disability at the 0.1 level on univariate analysis. Two infants (with normal outcome at 3 years) were excluded from the analyses conducted to determine predictors of severe disability because of missing data for many of the potential predictors. These factors were entered into a logistic regression model and tested for significance. Results of the final logistic regression model, shown in Table 3 , identified cystic periventricular leukomalacia (PVL), hypernatremia (defined as any sodium level >155), and having undergone major surgery requiring anesthesia as the factors being significantly associated with major disability. After adjusting for the other terms in the model, infants who had cystic PVL or hypernatremia were at very high risk of major disability. Wide confidence intervals are associated with the odds ratios, because of the relatively small number of infants who developed cystic PVL, hypernatremia, or had surgery.
Since cystic PVL is not apparent until an infant is a few weeks of age, the logistic regression model was rerun on factors that would potentially be present within the first few days of life (e.g., cystic PVL was removed as a factor). The final model in this analysis included hypernatremia, surgery, and intraventricular hemorrhage (IVH) as factors significantly related to the development of major disability. The odds ratio related to Grade 3 or 4 (IVH) was 7.3 (95% confidence interval 1.9 to 27.9) relative to no IVH. Grade 1 or 2 IVH was not related to the development of major disability.
DISCUSSION
The substantial improvement in survival among very preterm infants is well documented.
6-8 While questions have been raised about aggressive care for very preterm infants because of potentially increasing disability rates, evidence suggests that disability rates among survivors has remained constant. 1,2,7,9,10 However, as more and more very preterm infants survive, the overall population prevalence of major disabilities should increase. 2, 11 In this cohort of very preterm infants, the rate of major disability among survivors is comparable with rates reported elsewhere for infants born at similar gestational ages. 8, 9, 12, 13 In a recent study that included all births of 25 or fewer weeks gestation in the UK and Ireland during a 10-month period in 1995, the rate of major disability among survivors after 30 months of follow-up was 23%. 14 The discrepancy between the rate of major disability found in our study (8.3%) with that found in the study by Wood et al.
14 may be explained, in part, by differences in study design. In our study, about 50% of the cohort were followed for 2 years or less, whereas in the Wood et al.
14 study, 90% of the assessments occurred between 29 and 32 months. Therefore, in our study, it is possible that some diagnoses of major disability were missed because of an assessment being done before the disability was apparent. A somewhat more broader definition of major disability was used in the Wood et al.
14 study (for example, the criteria for severe disability included ''communicating by systematized method only or not communicating by speech or other method'', whereas in our study, communication problems were not included as a criteria for major disability). Although gestational age did not appear to be significantly associated with major disability, the inclusion of higher gestational age infants in our present study may have resulted in lower disability rates. Nova Scotia has developed a very good system of regionalization of perinatal health care. As a result, over 90% of the infants born before 31 weeks' gestation are born in a tertiary care centre and therefore, do not require transfer. Whether or not this would have an effect on the rates of major disability among very preterm survivors is unknown.
In this study, the cohort was defined by gestational age, rather than birth weight. Determining gestational age is often an inexact science, usually based on prenatal ultrasound and date of last menstrual period. In this study, gestational age was uncertain by these parameters in about 20% of the infants and, therefore, a clinical estimate of gestation was used. Despite the problems of accurately assigning gestational age, it has been shown that both mortality and morbidity correlate better with gestational age than birth weight in very preterm infants. 7, 15 As gestation goes over 32 weeks, infants with birth weight under 1500 g are progressively more growth retarded. When analyzing mortality and morbidity by gestational age within a cohort of very low-birth-weight infants (i.e., <1500 g), mortality and morbidity will paradoxically increase after 32 weeks' gestation because of the high proportion of growthretarded infants. 16 Infants who were part of a multiple gestation pregnancy were included in these analyses. Most of the potential predictors, which were examined, were factors pertaining to the infant during the early neonatal period. Therefore, it would not be expected that there would be a strong correlation between these factors among the twin pairs.
The diagnosis of major disability was based on periodic assessments made by a multidisciplinary team who were not blinded to the gestational age or perinatal history of the infant. Therefore, it is possible that bias was introduced in the evaluation of major disability. However, since gestational age was not an independent risk factor in the adjusted model for major disability, it does not appear that the diagnoses were influenced by the knowledge of gestational age.
Many factors have been implicated in the development of disability in very preterm survivors including bronchopulmonary dysplasia (BPD), [17] [18] [19] sepsis, 17 cranial ultrasound abnormalities including IVH and cystic PVL, 18, 20, 21 male gender, 22 high clinical risk index for babies (CRIB) score, 23, 24 and intrauterine infection. [25] [26] [27] In a recent study of risk factors for adverse neurodevelopmental outcome, the need for a second course of neonatal antibiotics was a significant factor, but clinical chorioamnionitis or early onset neonatal infection were not. 28 The proposed links between intrauterine infection and neonatal cerebral damage were not supported in the current study, as neither chorioamnionitis nor funisitis were related to major disability.
In this cohort of preterm infants, dexamethasone was used at discretion of the attending neonatologist. Generally, it was used in those infants with cystic changes of BPD on chest X-ray and the need for mechanical ventilation beyond 4 weeks of age. Approximately 24% of the very preterm survivors received dexamethasone. Our results do not support an independent association between dexamethasone use and major disability, but larger studies are needed to confidently rule out such a relation.
Gestational age has been shown to be a strong predictor of mortality, 12, 29, 30 but the relation between gestational age and disability among very preterm survivors has been inconsistent. [7] [8] [9] 31 Gestational age r27 weeks was significantly associated with major disability compared to gestational age 28 to 30 weeks in a univariate analysis, but was not an independent predictor of major disability, after adjusting for PVL, hypernatremia, and surgery.
A number of factors were associated with major disability on univariate analysis, but only three remained significant on multivariate analysis: cystic PVL, hypernatremia, and surgery. Cystic PVL was identified as a risk factor for major disability in very preterm survivors in Nova Scotia, which is in keeping with results from other studies. For some factors, only very large odds ratios would have been statistically significant because of the small numbers of mothers/babies with that particular factor. Thus, because of a potential Type 2 error, we may have failed to identify some factors that would have been statistically significant, given a larger sample size.
The strong association between hypernatremia and major disability has not been noted elsewhere in the literature, although an association between hypernatremia and intracranial Perrott et al.
Major Disability in Very Preterm Survivors hemorrhage has been observed clinically and in experimental animals. [32] [33] [34] Three of the four infants with documented hypernatremia during their neonatal hospital stay developed major disability. Hypernatremia is usually caused by abnormal water loss and is often preventable. 35 Three explanations could explain the relation between hypernatremia and major disability. First, hypernatremia could be causally associated with major disability. The biologic plausabililty of hypernatremia causing a neurological deficit can be postulated in several ways. A sudden rise in serum sodium (i.e., acute hypernatremia) causes a shrinkage of brain cells by cerebral cell volume regulatory mechanisms. 36 A high sodium level in the plasma produces a plasma-to-cell osmolal gradient, which causes water to leave cells and enter plasma. It has been found that inducing hypernatremia in rats can produce brain dehydration and myelinosis with severe neurological symptoms. 37, 38 Cerebral cell volume changes may also occur if the serum sodium suddenly drops from a chronic high level. 36 It is sudden changes in the serum sodium, which cause brain cell dehydration or swelling that may lead to neurological dysfunction. Unfortunately, data were not available on the rapidity of the changes in serum sodium levels. A second explanation is that hypernatremia is not the causal factor in the development of a major disability, but rather it could be correlated with another condition that is causally related to major disability. The third explanation is the possibility of a Type 1 error, since many factors were studied as potential predictors of major disability.
Major surgery requiring anesthesia was also an independent risk factor for major disability. It is possible that infants who require surgery are sicker than those who do not and it is the higher acuity of illness that may be associated with severe disability. Alternatively, aspects pertaining to the surgery experience could be associated with increased risk of major disability. For instance, infants requiring surgery may be exposed to cold temperatures when they are taken from the neonatal intensive care unit to the operating room. Large amounts of fluid and blood products may be required. During surgery, oxygen requirements may increase and sudden blood pressure changes may occur. Postoperatively, pain control medication, artificial ventilation, electrolyte imbalances, and blood loss may also contribute to the increased risk. Further research is necessary to determine whether the events surrounding the surgery are a risk factor for major disability versus a difference in underlying risk among infants requiring surgery.
Surgery and hypernatremia are important risk factors to determine because preventive steps can potentially be identified, such as providing adequate free water in intravenous fluids to compensate for insensible losses in very tiny infants and in minimizing the stresses associated with surgery. However, the relation of these factors with major disability need to be confirmed in a larger cohort of infants. Before efforts can be directed toward decreasing major disability in very preterm survivors, a better understanding of the mechanisms involved in brain damage among these infants is required.
